Introduction
Several years of war have created a humanitarian crisis in the Democratic Republic of Congo (DRC) with extensive disruption of civil society, the economy, and provision of basic services with devastating impacts on health systems. The International Rescue Committee (IRC) estimates up to 4.7 million people died as a result of war from 1998 to 2002 (Roberts et al., 2002) . At the time of writing the basis for political stabilisation was in place but major efforts will be required nationally and internationally for reconstruction. These challenges are faced against a background of heavy global disease burden, especially of HIV/AIDS, tuberculosis, diarrhoea, acute respiratory infection, and malaria.
Worldwide, one in 12 children born in 2001 died before their fifth birthday from eminently preventable and treatable conditions, such as pneumonia, diarrhoea and malaria. Acute respiratory infection (ARI) and diarrhoeal diseases are leading causes of the global burden of disease and account for more than 7% (ARI) and 3.7% (diarrhoea) of the global burden of disease and mortality, mostly in developing countries (Lopez, Mathers, Ezzati, Jamison, & Murray, 2006; Parashar, Bresee, & Glass, 2003; Ezzati & Kammen, 2001) . Globally as more than 2 billion people continue to rely on biomass (wood, charcoal, agriculture residues, and dung) as the primary source of domestic energy, exposure to indoor air pollution, especially to particulate matter, from the combustion of bio-fuels will continue to be implicated as a causal agent of respiratory diseases in developing countries (Parashar et al., 2003; Ezzati & Kammen, 2001; Ezzati et al., 2002) . The reduction of the global burden of disease attributable to these ailments requires targeted intervention.
In the DRC, health policy and planning are constrained by lack of reliable and accessible population data. For example, UNICEF estimates the under-five mortality rate to be 205 per 1000 live births for both 1990 and 2005 and makes estimates of the prevalence of pneumonia (11%), diarrhoea (17%) and malaria (45%) based on available data (UNICEF, Smith et al., 2000 Snyder and Merson, 1982; UNICEF, 2000) . These numbers are likely to be gross under-estimates based on regional trends. We should bear in mind that there are differences between urban and rural areas, and between the regions variably affected by the conflict.
Population level research on the public health aspects of childhood diseases is an important component of programmes for disease prevention and management. Apart from the significant loss of life and injuries in DRC due to conflicts and related diseases, war has become a major element in impoverishment, undermining human security and sustainable development. The impossibility of achieving the United Nations Millennium Development Goals has been evident over almost a decade in this conflict-affected country. However, there is tremendous need for primary research-based information for programme and policy development during the reconstruction phase.
A diverse set of challenges arise from this context, including: (1) social factors (the large numbers of displaced persons and migrants, high adult HIV prevalence, malaria and co-morbidities); (2) health systems (lack of basic health care facilities, unhygienic conditions and absence of basic medications); (3) political issues (the presence of armed forces and groups). Systematic approaches to child health improvements have been impossible to sustain under these conditions. National reconstruction requires the building and strengthening of capacity within academic and civil institutions. A primary requirement for effective governance is the availability of high quality evidence-based research, without which policy and planning of services can only be based on conjecture. A stable infrastructure of data collection, analysis, synthesis and dissemination is required to provide a flow of such policy-relevant population data.
The Multiple Indicators Cluster Surveys (MICS2) (UNICEF, 2001) are a well established source of reliable population level data with a substantial focus on child health. We utilised these datasets to examine, for the first time in DRC, to our knowledge, the geographical distribution of diarrhoea, acute respiratory infection and fever.
Background on health and social conditions in DRC
The DRC is emerging from a period of violent internal conflict characterised by the active engagement of neighbouring countries, mismanagement and corruption. The entire state structure, health sector, social fabric and economy have been left in a state of disarray and degradation. Sparsely populated (estimated population in 2007 was 66 million) in relation to its area (2,344,858 km 2 ), the DRC is home to a vast potential of natural resources and mineral wealth. Nevertheless, the DRC is one of the poorest countries in the world, with per capita annual income of about $300 in 2007 (US State Department, 2008) . UNICEF (2008) highlights a series of multifaceted challenges arising from this context: (1) low vaccination rates for the most common childhood diseases (approximately 65% coverage); (2) less than half the population has access to a safe source of clean drinking water and less than one-third has access to adequate sanitation facilities; (3) The adult HIV/AIDS prevalence rate was 4.2% in 2005, a significant increase from 2004. The rate is believed to be significantly higher in areas of recent armed conflict, where sexual abuse and violence against women is widespread; (4) there are over 4 million orphaned children in the country; (5) school enrolment rates are declining. More than 4.4 million children (nearly half the school-age population) are not in school. This number includes 2.5 million girls and 400,000 displaced children; and (6) widespread child labour. More than a quarter of children aged 5-14 are working (UNICEF, 2008) .
In the 15 year span from 1990 to 2005, the country has experienced stagnating under-five and infant mortality rates. While under-five mortality is estimated at 205 deaths per 1000, infant deaths, which account for a substantial amount of these, are estimated at 129 deaths per 1000 live birth. Under-five deaths are most often due to neonatal causes. Pneumonia causes 23% of under-five deaths, followed by diarrhoea and malaria. Also, 12% of infants have low birth weight and almost 34% of children under the age of 5 years are underweight (UNICEF, 2008) .
The rate of maternal mortality in DRC is also very high at 990 per 100,000 live births. Despite this elevated number, according to the WHO 61% of pregnant women in DRC make antenatal care visits at least once while 47% make 4 visits. Further, 61% of births are attended by skilled birth personnel (WHO, 2008) . The Ministry of Planning in DRC has recently completed a Demographic and Health Survey with the technical assistance of MEASURE DHS which will provide information regarding recent demographic, social and health trends in the DRC.
Data and methods

Data
Data were collected from the 2001 DRC MICS2, a nationally representative sample of women and their children. A total of 12,407 women (response rate of 95%) were interviewed regarding various health issues including the recent health history of the women's siblings (UNICEF, 2001) . In this analysis we report on the recent episodes of diarrhoea, fever and acute respiratory infection of each child under 5 years of age living in the sampled household. The diagnoses for the three illnesses were based on the self-reported recall by mothers of symptoms that had occurred within 2 weeks prior to the survey date. Illnesses were classified into diarrhoea, fever (define as fever without any other symptoms) and acute respiratory infection (defined as fever with cough or coryza). All information was collected from female interviewees aged 15-49 years. In each survey, the health status of each interviewee's 'young' children (i.e. children aged 59 months) was assessed by asking the interviewee: ''Has your child had diarrhoea in the last 2 weeks'','' Has your child had fever in the last 2 weeks'', and'' Has your child had fever with cough in the last 2 weeks''. The self-reported sickness status (0/1) of each child for each disease was the outcome of interest. Overall, data on 9454 children were collected in the 2001 survey. In the final regression models, the following predictors were examined: child's gender, child's nutritional status, place of residence, asset index, household size, maternal education, maternal body mass index (BMI), and province of residence. In order to facilitate the comparison with previous studies, variables were categorised as follows. Household size was re-categorised as 'small' (if there were fewer than six members), 'medium' (if there were 6-10 members) or 'large' (if there were at least 11 members). Maternal education was categorised as ''no education'', ''primary education'', and'' secondary or higher education''. As a measure of child's nutritional status height-for-age (stunting) was re-categorised as a binary variable (yes/no) defined as being two standard deviations or more below the median of the National Center for Health Statistics (NCHS)/Center for Disease Control (CDC) /World Health Organization (WHO) international reference population. Furthermore, as a proxy measure of current or recent household socioeconomic status (SES) an assets index was generated on the basis of related questions on ownership of items such as television, radio, and bicycle.
The DRC is divided into 11 administrative provinces. Disease prevalence is aggregated and known at a national level. We went a step further and accounted, simultaneously, for location effects on childhood diarrhoea, acute respiratory infection and fever at the disaggregated level of provinces, thereby highlighting relationships that would be overlooked with standard methods. We recognise that the province is still a large unit but disaggregating to this level represents a considerable advance over the use of national averages and our analysis provides province-level information on childhood disease.
One cannot assume that the clusters selected in each district are fully representative of the districts in which they are located, as the surveys only attempted to generate a fully representative sample at the provincial level. Consequently, the spatial analysis will be affected by some random fluctuations. Some of this random variation can be reduced through structured spatial effects as it includes neighbouring observations in the analysis. It should, however, be pointed out that such a spatial analysis should preferably be applied to census data, where the precision of the spatial analysis would be much higher. Unfortunately, most censuses do not collect data on disease (the last census in the DRC was conducted in the 1980s) and often the full dataset is not available for such analyses. We used geo-additive Bayesian modelling, with dynamic and spatial effects, to assess temporal and geographical variation in diseases. The model used also allows for non-linear effects of covariates on diseases. The modelling approach is described in more detail in the next section.
Examples of issues we raise are: What could explain these provincial differences? Does diarrhoea, fever or acute respiratory infection prevalence vary from province to province because of factors that are not measured by our survey data, which could include severity of conflict and environmental pollution due to displacement? Are these diseases more prevalent in conflictaffected provinces? Or does variation in prevalence from province to province occur because of differences in household socioeconomic status, education, and rural and household infrastructure such as drinking water and sanitation?
Sampling design
The methods, objectives, organisation, sample design, and questionnaires used in the 2001 MICS2 survey for the DRC have been described in detail elsewhere (UNICEF/Ministry of Planning and Reconstruction in DR Congo, 2002). In brief, this was a random probability sample of households designed to provide estimates of health, nutrition, water and environmental sanitation, education and children's rights indicators at the national level, for urban and rural areas, and for the 11 provinces. The sample was selected in four stages. A sample of 10,305 households was drawn and 365 SEAs (Standard Enumeration Areas) were selected, with at least one cluster in each province (UNICEF/Ministry of Planning and Reconstruction in DR Congo, 2002) . The sample districts were selected following the Expanded Programme on Immunisation (EPI) Cluster Sampling Technique. Within each cluster, the required number of villages was selected through the application of the EPI sampling technique. Within each village the required number of households was selected randomly by spinning a bottle. Full technical details of the sample are included in (UNICEF/Ministry of Planning and Reconstruction in DR Congo, 2002) . The SEAs are the same as those used in the 1995 DRC MICS1 (Zaire, 1996) . The sample is a nationally representative sample of 11 provinces and 28 districts. In addition, out of 143 municipalities (''territories''), 128 were included in the sample.
As for all national surveys and censuses, the questionnaire was in French although interviews were carried out in local languages. Fieldworkers were trained with regard to how to interpret questions in local languages. Details on sampling and fieldwork operations and evaluation of data quality are reported elsewhere (UNICEF/Ministry of Planning and Reconstruction in DR Congo, 2002) . It is important to mention that use of MICS2 data has limitations. Concerns have been raised about potential bias of relying on the ability of mothers to identify and separate symptoms of fever, pneumonia or diarrhoea (Einterz & Bates, 1997) .
Nevertheless, there is some evidence from ethnographic studies suggesting that symptoms of various diseases can be consistently distinguished by mothers, especially diagnoses of diarrhoea and pneumonia (Dunyo, Koram, & Nkrumah, 1997) . Secondly, diagnoses of illnesses depended on mother's report (recall) as is common in retrospective surveys. Accuracy and completeness of mother's recall in 19 national Demographic and Health surveys found that highly educated women were more accurate in reporting and identification of these illnesses (Boerma, Black, Sommerfelt, Rustein, & Bicego, 1991) . To provide a consistent sample, recalls were restricted to 14 days prior to the survey. This has been found to provide reliable results in related studies in other countries (Vaahtera et al., 2000; Kazembe, Muula, Appleton, & Kleinschmidt, 2007) . In addition, the survey results might be influenced by the effects of seasonality in disease prevalence.
Statistical methods
In the analysis of survey data, the commonly adopted models are probit or logistic, and the standard measure of effect is the odds ratio (Yoannes, Streatfield, & Bost, 1992; Woldermicael, 2001) . In the present study, however, the MICS2 data contain geographical or spatial information, such as the province or district of individuals in the study and the presence of non-linear effects for some covariates means that strictly linear predictors cannot be assumed. Analysing and modelling geographical patterns for health or survival, in addition to the impact of other covariates, is of obvious interest in many studies. In a novel approach, the geographical patterns of childhood morbidity and the possibly non-linear effects of other factors were therefore explored within a simultaneous, coherent regression framework, using a geo-additive, semi-parametric, mixed model (Fahrmeir & Lang, 2001; Brezger, Kneib, & Lang, 2005; Kandala, Ji, Stallard, Stranges, & Cappuccio, 2007; Kandala, Ji, Stallard, Stranges, & Cappuccio, 2008) . In brief, the strictly linear predictor:
is replaced with a logit link function with dynamic and spatial effects, Pr(y i ¼ 1jh i ) ¼ e hi /(1 þ e hi ), and a geo-additive semi-parametric predictor m i ¼ h(h i ):
where h is a known response function with a logit link function, f 1 ,.,f p are non-linear smoothed effects of the metrical covariates (child's age and maternal BMI), and f spat (s i ) is the effect of the spatial covariate s i˛{ 1,.,S} labelling the province in DRC. Covariates in w 0 i are categorical variables such as gender and urban-rural residence. Regression models with predictors such as those in Eq. (2) are sometimes referred to as geo-additive models. P-spline priors were assigned to the functions f 1 ,.,f p , while a Markov random field prior was used for f spat (s i ) (Fahrmeir & Lang, 2001; Brezger et al., 2005; Kandala et al., 2007) . Although the estimation process with this model is complex, the estimated posterior odds ratios (OR) that were produced could be interpreted as similar to those of ordinary logistic models. The analysis was carried out using version 0.9 of the BayesX software package (Brezger et al., 2005) , which permits Bayesian inference based on Markov chain Monte Carlo (MCMC) simulation techniques. The statistical significances of apparent associations between potential risk factors and the prevalence of recent diarrhoea, acute respiratory infection and fever were explored in chisquare and Mann-Whitney U-tests, as appropriate. Multivariate analysis was used to evaluate the significance of the posterior OR determined for the fixed, non-linear effects and spatial effects. A Pvalue of <0.05 was considered indicative of a statistically significant difference.
Results
Analyses were based on valid observations which vary from 9451 for diarrhoea to 9455 for fever. The overall prevalence of diarrhoea (22.4%), acute respiratory infection (7.1%) and fever (41.2%) recorded among the young children in the survey was significantly different from provincial prevalence rates (P < 0.001). The aggregated national prevalence rates, however, conceal important geographical variation in the childhood morbidity recorded at provincial level (see Table 1 ).
For acute respiratory infection, for example, the overall prevalence among under-fives was 10.7% but the corresponding provincial-level prevalence varied from 2.7% (in Bas-Congo) to 24.0% (in Sud-Kivu). The results show that children living in Eastern provinces were more affected by acute respiratory infection than those living in the western part of the country. It appears that younger children from Kasai Occidental (29.6%), Kasai-oriental (27.2%) and Equateur (27.0%) were more likely to suffer from diarrhoea than those living in the capital province of Kinshasa (21.0%). The lowest prevalence of fever was observed in Kinshasa (31.9%), Bandundu (35.6%) and Nord-Kivu (31.3%), while children living in all other provinces appear to be more affected (Table 1) . Table 1 also shows the prevalence of diarrhoea, acute respiratory infection and fever for all fixed categorical factors and the relationship, if any, between each factor and prevalence (not accounting for any spatial effects) in 2001. Several factors appeared to reduce the risk of diarrhoea in young children: a relatively older child's age and a relatively high maternal BMI. Factors associated with a lower risk of childhood acute respiratory infection were: high maternal education, living in Bas-Congo, having a high socioeconomic status, living in urban areas, being stunted, a relatively older child's age and a relatively high maternal BMI. The risks of childhood fever appeared to be reduced by living in urban areas, having a high socio-economic status and a high maternal education.
In Fig. 1 , the left-hand maps show estimated posterior OR of residual spatial provincial effects (i.e. adjusted odds ratios taking into account the auto-correlation structure in the data and other risk factors) for childhood diarrhoea, acute respiratory infection and fever in each province, with the darker colour indicating the maximum posterior OR recorded (1.28 for diarrhoea, 2.85 for acute respiratory infection, and 1.33 for fever) while lighter colour denotes a lower prevalence. A high prevalence of all three diseases was concentrated in the conflict affected provinces (Orientale, Fig. 1 . Estimated odds ratios of residual spatial provincial effects (left) and 95% posterior probability map (right) of child morbidity (CMICS2, 2001) . Darker areas, high risk, high morbidity; black coloured, significant positive spatial effect. Lighter coloured, low risk; white coloured, significant negative spatial effect; grey coloured, no significant effect.
Nord-Kivu, Sud-Kivu, Kasai-Occidentale and Katanga) in the country. The right-hand maps show the 95% posterior probability maps of childhood diarrhoea, acute respiratory infection and fever. White colour indicates a negative spatial effect (associated with reduced risk of the morbidity) and black colour a positive effect (an increased risk). Fig. 2 shows for the whole national sample the estimated nonlinear (logits) effects of the child's age and maternal BMI on diarrhoea, acute respiratory infection and fever. Shown are the estimated posterior logits of the effects of the child's age and maternal BMI within the 80% and 90% credible interval. There appears to be a clear non-linear association between child's age (left-hand panels) and diarrhoea, acute respiratory infection and fever, the graph for each type of morbidity showing a steep upward curve in the first 6-10 months of life (indicating that child health deteriorates quickly in this period). Maternal BMI (right-hand panels) appears to be almost linearly negatively related to diarrhoea, acute respiratory infection and fever in the young child. As expected, it appears that the lower the maternal BMI, the higher the risks of childhood diarrhoea, acute respiratory infection and fever. This finding is consistent with the observed negative association between maternal BMI and child nutritional status in developing countries. In the graphs relating to maternal BMI, the credible intervals expand rapidly at BMI >30 because of the small sample of obese mothers.
We accounted for a range of child and household characteristics in Table 2. Table 2 also shows the estimates of dummy variables representing provinces (i.e. without taking into account the spatial autocorrelation in the data). It is important to note that, for all three outcomes, estimates of OR from dummy variables representing provinces (Table 2) are overestimated compared to estimates of OR from the maps (Fig. 1) . The later estimates take into account spatial autocorrelation structure. This clearly indicates the importance of accounting for the geographical factors in the estimation. Children living in families in the second (poor), third (moderate) and fourth (rich) quintile of household economic status had significantly higher risk of diarrhoea than their counterparts in the fifth quintile (richest). The risk of acute respiratory infection was higher for children living in families in the second and fourth quintiles of household economic status. Children from mothers with primary and secondary education were associated with an increased risk of childhood fever. The risk of childhood fever appeared to be lower for those living in urban areas.
Discussion
The importance of quantifying the human loss caused by avoidable causes among the vulnerable groups (children) in a population is widely recognized. Childhood mortality rates are an indication of a country's level of development. In 2000, the United Nations' Millennium Summit identified the improvement of childhood health as one of the eight fundamental goals for furthering human development (The Millennium Development Goals, or the MDGs). As part of MDG number 4, the UN established a target of reducing the under-five mortality rates by a factor of two-thirds between 1990 and 2015 for all national and regional populations.
Since ARI and diarrhoeal diseases are leading causes of the global burden of disease and mortality in developing countries, this study examines variations at the provincial level of diarrhoea, acute respiratory infection and fever prevalence among children under the age of 5 years in the DRC. Overall, findings highlight significant provincial differences in childhood morbidity in the DRC. The provincial effects are interpreted as surrogates for associations with environmental and unmeasured factors such as armed conflicts. Such differences in childhood morbidity by geographical or administrative provinces of a country are very important for provincial planning and design of further studies. This is particularly important for the DRC, which is pursuing decentralised policies for post-conflict reconstruction.
A low prevalence of childhood morbidity was observed in the western provinces (Kinshasa, Bas-Congo and Bandundu) for all diseases studied, and a relatively higher prevalence of childhood morbidity noted in the south-eastern provinces (Sud-Kivu and Katanga). However, each disease has its distinctive geographical pattern of variation. This leads us to think that beside the socioeconomic difficulties, civil war, cultural values, climate differences and environmental factors are ultimately shaping the spatial distribution of childhood morbidity in the DRC. Although Nord- Kivu, Sud-Kivu and Maniema were engaged in war during the 2001 MICS survey, they each have different patterns of childhood morbidity for the health conditions considered in this paper.
As the results of the present study show, socioeconomic, environmental and cultural factors interact in different ways to produce spatial variation in childhood morbidity (Kandala, 2006; Kandala et al., 2007; Bangha, 2007) . This suggests that comprehensive modelling including socioeconomic, cultural, environmental and political issues is key to understanding spatial variation of childhood morbidity in sub-Saharan African societies.
The relative ''better childhood health'' observed in western DRC (Kinshasa, Bas-Congo and Bandundu) could be due to the relative socioeconomic development advantages of these provinces in terms of the presence of health service and education infrastructure. Also, the western provinces were not directly affected by the conflict compared with the rest of the country. The higher risk of morbidity among children observed in the south-eastern provinces may have been fuelled by the conflict and associated economic crisis. However, the high prevalence of morbidity in this area is susceptible to bias due to over reporting of cases by women in south-eastern provinces because of the conflict and associated economic crisis.
These findings are consistent with other studies in developing countries. In Cameroon, for instance, Pongou, Salomon, and Ezzati (2006b) showed that the economic crises and large economic adjustment in the 1990s had a long-term impact on child health and survival. Waters, Saadah, Surbakti, and Heywood (2004) found in Indonesia that maternal education and economic statusdas measured by quintile of adjusted per-capita household expendituresdwere very strong predictors of children's nutritional outcomes. In most African countries, under worsening socio-economic conditions, there is a decreased attendance at routine health checks which in turn affects children nutritional status (Martin-Pré vel et al., 2001; Gakidou et al., 2007; Guerrant et al., 1992) .
Findings from this paper also show a positive association between disease prevalence and child's age until around 15 months and a negative effect after this age (Fig. 2) . In fact, the effect of child's age on diarrhoea, fever and acute respiratory infection has a non-linear curve as pointed out by previous studies (see for example, Kandala, 2006; Kandala et al., 2007 Kandala et al., , 2008 . This might be because of malnutrition in early feeding practice whilst a child's immune system is not sufficiently developed to protect him or her from contamination by bacteria. Due to poverty, insufficient household sanitary conditions and other related factors, mothers might not be able to feed infants with enough clean breast milk so that mixed low quality foods or contaminated water are used instead (Pongou, Ezzati, & Salomon, 2006a; UNICEF, 2008) . Furthermore, maternal nutritional status and health contribute to her inability to breast feed. For example, Ahiadeke (2000) found that diarrhoea was prevalent in infants aged 4-6 months from households with poor sanitary conditions unless mothers reverted to exclusive breastfeeding; the deterioration in child health can also be attributed to the fact that most children are weaned early (Woldemicael, 2001) . It is likely that as a child's immune system develops, the association with diseases decreased, which is reflected by a gradual decline of the effect of age after 10 months in Fig. 2 . Another possible explanation may be that maternal immunity may be protective among very young children against infectious agents that may cause each of these symptoms. The decline of maternally derived immunity since birth may account for the increase in effect in early childhood.
Two key questions arise in the light of these findings. Why is the association between disease prevalence and socioeconomic factors (household socioeconomic status and maternal education) nonlinear? Second, does a lack of infrastructure due to economic and political crises standardise the living conditions of all the population regardless of socioeconomic status and education level?
Previous studies have shown a negative linear association between socioeconomic status and prevalence of childhood morbidity, because higher socioeconomic status is associated with healthy living conditions such as drinking water, access to appropriate sanitation and adequate nutrition (Pongou et al., 2006a) . Results from the multivariate analyses show no statistical significant association between the household socio-economic status (asset index) and prevalence of fever. However, there is a non-linear association between the asset index and diarrhoea and acute respiratory infection. There is no statistically significant difference in risk of diarrhoea among children from the first (poorest) and the fifth (richest) quintile, but children from the other quintiles (second, third, and fourth) have a statistically significant higher risk of diarrhoea compared to the fifth quintile. Similarly for acute respiratory infection morbidity, children from second and fourth quintiles had an associated higher risk compared with children from the fifth quintile.
Furthermore, living in urban areas seems to have a protective effect on fever and acute respiratory infection in children. The general advantages of urban life on a child's health in sub-Saharan Africa are well documented. As in many Sub-Saharan Africa countries, children from urban areas were found to be twice as likely to be immunised and to have access to basic healthcare services as those from rural areas (UNDP, 2007) . In general, such advantages substantially reduce the risk of childhood morbidity.
Previous studies in Sub-Saharan Africa have shown a negative effect of maternal education upon disease prevalence. However, for this study we did not observe an association between disease prevalence and maternal education. As observed in this study, the association between disease prevalence and socio-economic factors (asset index and educational attainment) do not follow a simple linear gradient. The non-linear association for socioeconomic status may reflect a major limitation in the MICS2 surveys (i.e. the socioeconomic status of each study household is based on the answers to questions posed to household member not on an independent assessment of family income, insurance, employment, assets) and therefore subject to misclassification. Another problem with the survey data, at least as far as the present study is concerned, is that the wealthiest (fifth quintile) households have fewer children, per household than less wealthy households resulting in a relatively small sample of young children from these wealthiest families. Finally, more detailed measures of household poverty are not available.
Despite the limitations discussed above, the present findings give some support to those developing decentralised post-conflict reconstruction health policies for DRC children, allowing interventions to be focused on the worst affected areas and age groups. Since there are so few modern datasets on childhood diseases in the DRC, it is hoped that this study will stimulate further investigation of morbidity in children. Identifying and understanding environmental factors that are associated with provincial differences in disease prevalence represents an important investigation to disentangle fully the influences of environment-health links. Both novel and less conventional methodologies including various data sources are required to broaden the view of environment at both child and community level.
Conclusion
Using a large-scale household survey data from UNICEF, we have produced for the first time spatial residual maps in the DRC and in so doing we have undertaken a comprehensive analysis of geographical variation at provincial level of diarrhoea, acute respiratory infection, and fever prevalence among children under 5 years old in DRC. Disease prevalence maps generated could be a useful tool for policy design for reconstruction and fulfilment of the Millennium Development Goals in DRC. Given the limitations of spatial analysis when the data base is a household survey, an important message emerging from this research is that it would be very worthwhile for census data and other official data sources to undertake such detailed spatial analyses. With such data sources, much more detailed and more precise spatial structures could be uncovered which would be highly relevant for both analytical and policy purposes.
